ELECTRONIC EQUIPMENT 



BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates in general to equipment which 
is driven with a battery having a high internal resistance or a 
secondary battery / and more particularly to equipment which is 
required to be operated for a long time with the battery or secondary 
battery. 

2 . Related Background Art 

Conventional equipment is shown in FIG. 4. In FIG. 4, a fuel 
cell 401 is shown as an example of a battery having a high internal 
resistance or a secondary battery , and a secondary battery 402 is 
shown as an example of an electric condenser. As shown in FIG. 
4, the equipment includes: the fuel cell 401 for outputting an 
electric power; a load 104 performing a desired function; the 
secondary battery 4 02 for accumulating therein an electric power 
of the fuel cell 401; a charge control unit 403 for controlling 
an operation for charging the secondary battery 4 02 with the electric 
power of the fuel cell 401; an electric power converter 405 for 
converting the electric power of the fuel cell 4 01 and the electric 
power accumulated in the secondary battery 4 02 into an electric 
power with which the load 104 can be operated; and a switch 406 
provided in the middle of a path through which the electric s power 



accumulated in the secondary battery 402 is supplied to the electric 
power converter 4 05 in order to control a diode 4 07 for preventing 
a reverse current from being caused to flow from the electric power 
converter 405 to the secondary battery 402, and an operation for 
supplying the electric power accumulated in the secondary battery 
402 to the electric power converter 405. 

With the above-mentioned configuration, when a quantity of 
electric power of the fuel cell 401 is more than that required to 
drive the load 104 , the charge control unit 4 03 charges the secondary 
battery 402 with an excessive electric power of the fuel cell 401. 
On the other hand, when a quantity of electric power of the fuel 
cell 401 is less than that required to drive the load 104, it is 
possible to make up for a quantity of insufficient electric power 
with the electric power accumulated in the secondary battery 4 02 
(refer to JP 2002-315224 A (pages 2 and 3 , and FIG. 3 ) for example) . 

Note that since a voltage of the fuel cell 401 is different 
from that of the secondary battery 402 in many cases, a DC-DC 
converter is used as the charge control unit 403. 

The above-mentioned conventional equipment is configured so 
that a maximum electric power is obtained from the fuel cell as 
the battery having a high internal resistance, and the maximum 
electric power is used in driving of the load and charging of the 
secondary battery. In case of adopting of such a configuration, 
a quantity of current obtained from the fuel cell also becomes large . 



A problem in the case where a quantity of current obtained from 
the fuel cell also becomes large as described above will now be 
described with reference to FIG. 5. FIG. 5 is a graphical 
representation showing a relationship between an output current 
from a battery , such as a fuel cell , having a high internal res is tance , 
and a battery voltage and an integration value of an electric power 
able to be obtained from the battery. As shown in FIG. 5, as the 
output current is increased , the integration value of the electric 
power is reduced s ince the battery voltage is reduced due to a voltage 
drop developed by causing the output current to flow through the 
internal resistance of the battery , and an electric power loss is 
increased due to calorification of the internal resistance of the 
battery. As a result, in case of the above-mentioned conventional 
equipment, since a quantity of current obtained from the fuel cell 
is large, the electric power loss due to flowing of the current 
through the internal resistance of the fuel cell is increased to 
reduce the integration value of the electric power able to be obtained 
from the fuel cell. 

That is to say, in case of the configuration of the equipment 
driven with the battery, such as the above-mentioned conventional 
fuel cell, having a high internal resistance, there is encountered 
a problem that since the electric power loss due to calorification 
of the internal resistance of the battery is increased, the 
integration value of the electric power able to be obtained from 



that battery is reduced to shorten an operating time of the equipment . 

Recently , the fuel cell has particularly attracted attention 
owing to its miniature size and large capacity. Thus, an electric 
automobile, a mobile apparatus, and the like each using a fuel cell 
have been actively developed. If the above-mentioned problem can 
be solved, then the realizability of the electric automobile, the 
mobile apparatus, and the like each driven with the fuel cell will 
be greatly enhanced. 

Incidentally, when the maximum electric power is obtained 
from the battery having a high internal resistance or the secondary 
battery, a current has to be obtained from the battery so that a 
voltage drop due to the internal resistance of the battery becomes 
about half an open voltage of the battery. In this case, about 
50% of the electric power is consumed in the form of calorification 
of the internal resistance, and hence the integration value of the 
electric power obtained from the battery is reduced to about h } alf 
that when a current is hardly obtained from the battery. 
Consequently, the duration of the above-mentioned conventional 
equipment is nearly halved. 

In addition, in the fuel cell of a direct methanol system 
(hereinafter referred to as "a DMFC system" for short when 
applicable) which has attracted attention recently, a portion of 
the fuel is lost with time due to methanol crossover without being 
converted into an electric power . That is to say, the self -discharge 



is very large. FIG. 6 is a graphical representation showing a 
relationship between an output current obtained from a battery such 
as a fuel cell of the DMFC system having large self-discharge and 
a high internal resistance or a secondary battery , and a battery 
voltage and an integration value of an electric power able to be 
obtained from the battery. As shown in FIG. 6, when a quantity 
of current obtained from the battery is small, the loss due to the 
self -discharge is increased, while when a quantity of current 
obtained from the battery is large, the electric power loss is 
increased due to the calorification of the internal resistance of 
the battery. Hence, the integration value of the electric power 
able to be obtained from the battery becomes maximum at a certain 
value of the obtained current. 

That is to say, in such a battery, if such a current as to 
make the integration value of the obtained electric power maximum 
is obtained, then the electric power of the battery can be most 
efficiently utilized. However, as described above, in case of the 
configuration of the above-mentioned conventional equipment, there 
is encountered a problem that since the electric power loss due 
to the calorification of the internal resistance of the battery 
is increased, the integration value of the electric power able to 
be obtained from the battery is reduced to shorten the operating 
time of the equipment. 
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SUMMARY OF THE INVENTION 

The present invention has been made in order to solve the 
above-mentioned problems associated with the prior art , and it is, 
therefore, an object of the present invention to provide electronic 
equipment which can be operated for a long time by effectively 
utilizing an electric power from a battery. 

According to a first aspect of the present invention, there 
is provided electric equipment including: a first battery; an 
electric condenser which has an internal resistance lower than that 
of the first battery and which serves to accumulate therein an 
electric power of the first battery; a charge control circuit which 
controls a charge current originating from the electric power of 
the first battery and caused to flow from the first battery to the 
electric condenser; and a load which is driven with the electric 
power accumulated in the electric condenser, in which the charge 
control circuit controls the charge current in correspondence to 
a self -discharge rate of the first battery. More specifically, 
the charge control circuit controls the charge current so that a 
battery voltage drop developed across the first battery falls within 
a range of 5 to 2 0% of a battery voltage when the first battery 
is in an open state, whereby it becomes possible to efficiently 
utilize the electric power from the first battery having a high 
internal res istance . 

In addition, the charge control circuit controls the charge 



current so that a battery voltage drop developed across the first 
battery falls within a range of 10 to 40% of the battery voltage 
when the first battery is in the open state , whereby even when a 
battery having much self-discharge and a high interrial resistance 
such as a fuel cell of the DMFC system is adopted as the first battery, 
it becomes possible to efficiently utilize the electric power from 

the firs t battery, 

According to a second aspect of the present invention , there 
is provided electric equipment including: a first battery; an 
electric condenser which has an internal resistance lower than that 
of the first battery and which serves to accumulate therein an 
electric power of the first battery; a charge control circuit which 
controls a charge current originating from the electric power of 
the first battery and caused to flow from the first battery to the 
electric condenser; and a load which is driven with the electric 
power accumulated in the electric condenser, in which the load is 
driven in a first operation mode or a second operation mode consuming 
more current than in the first operation mode , and the charge control 
circuit charges the electric condenser in a first charge control 
mode with a charge current which is larger than a current consumed 
when the load is driven in the first operation mode, and is smaller 
than a current consumed when the load is driven in the second 
operation mode. As a result, it becomes possible to drive the load 
for a long time with the miniature first battery. 



Moreover, the charge current is controlled so that the battery 
voltage drop developed across the first battery falls within a range 
of 5 to 20% of the battery voltage when the first battery is in 
an open state, whereby it becomes possible to drive the load for 
a longer time with the miniature first battery. 

Also, the charge current is controlled so that the battery 
voltage drop developed across the first battery falls within a range 
of 10 to 40% of the battery voltage when the first battery is in 
the open state, whereby it becomes possible to drive the load for 
a longer time with the miniature first battery as compared with 
the case of the first aspect. 

The charge control circuit of the above-mentioned first and 
second means has a DC-DC converter for converting the inputted 
electric power of the first battery into a conversion electric power 
having a different voltage, in which a quantity of the conversion 
electric power of the DC-DC converter is controlled to control the 
charge current. As a result, it becomes possible to readily 
configure the above-mentioned charge control circuit. 

According to a third aspect of the present invention, in 
addition to the configuration of the above-mentioned second aspect, 
the charge control circuit charges the electric condenser in a second 
charge control mode with a charge current equal to or larger than 
the current consumed when the load is driven in the second operation 
mode, and when a quantity of accumulated electric power of the 
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electric condenser exceeds a quantity of desired electric power, 
the electric condenser is charged in the first charge control mode, 
and when the quantity of accumulated electric power of the electric 
condenser is equal to or less than the quantity of desired electric 
power , the electric condenser is charged in the second charge control 
mode. As a result, since the electric power of the first battery 
having a high internal resistance can be efficiently utilized, it 
becomes possible to operate the equipment driven with the first 
battery having a high internal resistance for a long time, and also 
even when a consumed current of the load is larger than an estimated 
value, the stable operation becomes possible without stopping the 
operation of the load. 

According to a fourth aspect of the present invention, in 
addition to the configuration of the above-mentioned third aspect, 
the charge control circuit includes the DC-DC converter having a 
voltage control function of controlling the conversion electric 
power so that the voltage of the electric condenser becomes equal 
to the predetermined voltage, in which the voltage control function 
operates in the second charge control mode. As a result, the charge 
control circuit of the above-mentioned third aspect can be readily 
configured at a low cost. 

According to a fifth aspect of the present invention, in 
addition to the configuration of the above-mentioned third aspect, 
the DC-DC converter of the charge control circuit includes a first 
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DC-DC converter for controlling the charge current so that the 
battery voltage drop developed across the first battery becomes 
a predetermined quantity, and a second DC-DC converter for 
controlling the charge current so that the voltage of the electric 
condenser becomes equal to the predetermined voltage , in which in 
the first charge control mode, the electric condenser is charged 
using the first DC-DC converter, and in the second charge control 
mode, the electric condenser is charged using the second DC-DC 
converter. As a result, the charge control circuit of the third 
means can be readily configured, and also the electronic equipment 
can be operated for a longer time with the first battery having 
a high internal resistance as compared with the case where the charge 
control circuit of the fourth aspect is used. 

According to the present invention, in the equipment which 
is driven with the electric power of the battery having a high 
internal resistance or the secondary battery, the equipment can 
be efficiently driven with the electric power of the battery having 
a high internal resistance or the secondary battery. Hence, the 
equipment can be operated for a long time. 

BRIEF DESCRIPTION OF THE DRAWINGS 
In the accompanying drawings: 

FIG. 1 is a block diagram showing a schematic configuration 
of equipment according to an embodiment mode of the present 
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invention; 

FIG, 2 is a schematic circuit diagram showing Embodiment 1 
of an internal configuration of a charge control circuit in the 
equipment according to the embodiment mode of the present invention; 

FIG. 3 is a schematic circuit diagram showing Embodiment 2 
of an internal configuration of a charge control circuit in the 
equipment according to the embodiment mode of the present invention; 

FIG. 4 is a block diagram showing a schematic circuit 
configuration of conventional equipment; 

FIG. 5 is a graphical representation showing a relationship 
between an output current of a battery haying a high internal 
resistance or a secondary battery , and a battery voltage and an 
integration value of an electric power being obtained; and 

FIG. 6 is a graphical representation showing a relationship 
between an output current of a battery having a high internal 
resistance and much self -discharge or a secondary battery, and a 
battery voltage and an integration value of an electric power being 
obtained. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
FIG. 1 is a block diagram showing a schematic configuration 
of equipment according to an embodiment mode of the present invention. 
The equipment includes: a first battery 101 as a battery having 
a high internal resistance or a secondary battery; an electric 
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condenser 102 for accumulating therein an electric power of the 
first battery 101; a charge control circuit 103 for controlling 
an operation for charging the electric condenser 102 with the 
electric power of the first battery 101; and a load 104 adapted 
to be driven with the electric power accumulated in the electric 
condenser 102. 

As the first battery 101 , there can be adopted a fuel cell, 
a lithium polymer secondary battery, a lithium secondary battery, 
a Ni-cadmium secondary battery, a manganese battery, ah alkaline 
battery, an air battery, a lead secondary battery, or the like. 
As the electric condenser 102 , there can be adopted a Ni-MH secondary 
battery, a lithium polymer secondary battery, a lithium secondary 
battery, a Ni-cadmium secondary battery, a lead secondary battery, 
a ceramic capacitor, an electrical double layer capacitor, a Ta 
capacitor, an Al electrolytic capacitor , or the like. In this case, 
a secondary battery or a capacitor having an internal resistance 
lower than that of the battery adopted for the first battery 101 
is necessarily adopted for the electric condenser 102. In 
particular, the fuel cell has somewhat high internal resistance 
and its electric charge density is very high, and thus the fuel 
cell is used as the first battery 101. On the other hand, the Ni-MH 
secondary battery or the lithium secondary battery is relatively 
low in internal resistance and high in electric charge density, 
and thus the Ni-MH secondary battery or the lithium secondary battery 
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is used as the electric condenser 102 . In this case, it is possible 
to realize the very miniature equipment which can be operated for 
a long time. 

As the load 104 r there is adopted a load, such as a 
transmission/reception circuit of a mobile phone, a motor of an 
electric automobile, or a home electrical machinery and apparatus, 
which has a first operation mode and a second operation mode in 
which a consumed current is more than that in the first operation 
mode. Note that with respect to the first and second operation 
modes, giving a transmission/reception circuit of a mobile phone 
as an example, the first operation mode corresponds to a standby 
state or a power supply turn-OFF state, and the second operation 
mode corresponds to a transmission/reception state, and giving a 
motor of an electric automobile as an example, the first operation 
mode corresponds to a stopping state, and the second operation mode 
corresponds to a driving state. 

The charge control circuit 103 has a first charge control 
mode and a second charge control mode in which a charged electric 
power is more than that in the f ir s t charge control mode , and monitors 
the accumulated electric power of the electric condenser 102 . When 
the results of the monitoring indicates that a quantity of 
accumulated electric power exceeds a desired quantity, the electric 
condenser 102 is charged with electricity in the first charge control 
mode. On the other hand, the results of the monitoring indicates 
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that a quantity of accumulated electric power is equal to or less 
than the desired quantity, the electric condenser 102 is charged 
with electricity in the second charge control mode. 

The first charge control mode is a charge control mode in 
which the electric condenser 102 is charged with an electric power 
more than that having a consumed electric power in the first operation 
mode of the load 104, and when the first battery 101 hardly has 
the self-discharge, the electric condenser 102 is charged with 
electricity while the voltage drop due to an internal resistance 
of the first battery 101 is kept so as to fall within a range of 
5 to 20% of an open voltage of the first battery 101, and when the 
first battery 101 is a fuel cell of the DMFC system, or the like 
and hence its self-discharge rate is so large as to be equal to 
or larger than 10%, the electric condenser 102 is charged with 
electricity while the voltage drop due to the internal resistance 
of the first battery 101 is kept so as to fall within a range of 
10 to 40% of the open voltage of the first battery 101. On the 
other hand, the second charge control mode is a charge control mode 
in which the electric condenser 102 is charged with an electric 
power equal to or more than the consumed electric power in the second 
operation mode of the load 104. 

If the voltage drop due to the internal resistance of the 
first battery 101 becomes lower than 5% , then a ratio of the electric 
power loss in the charge control circuit 103 to the electric power 
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with which the electric condenser 102 is charged becomes large, 
and hence the electric power loss when the electric power of the 
first battery 101 is transferred to the electric condenser 102 
becomes large • From this reason , the value of 5% is set as a lower 
limit. 

Note that while the electric power of the first battery 101 
can be more efficiently utilized as a value of the internal resistance 
of the first battery is smaller, in general, when the first battery 
101 has a small internal resistance, the first battery 101 is scaled 
up. Consequently, for the first battery 101, assumption is made 
on a period of time when the load 104 is operated in the second 
operation mode, and there is selected the first battery 101 having 
the highest internal resistance in the above-mentioned internal 
resistance with which a quantity of electric power accumulated in 
the electric condenser 102 does not become equal to or less than 
the desired quantity within the assumed period of time . As a result , 
the configuration of the embodiment mode of the present invention 
which has been described above can be effectively utilized, and 
in addition, the first battery 101 can be miniaturized. Therefore 
it is possible to miniaturize the equipment having the configuration 
of the embodiment mode of the present invention all the more. 

As described above, in the embodiment mode of the present 
invention, when a period of time when the load 104 is operated in 
the second operation mode is equal to or shorter than the assumed 
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period of time, the quantity of accumulated electric power of the 
electric condenser 102 exceeds the desired quantity. Hence, the 
charge control circuit 103 can efficiently transfer and change the 
electric power of the first battery 101 having a high internal 
resistance in the form of the accumulated electric power of the 
electric condenser 102 having a lqw internal resistance in the first 
charge control mode, and the load 104 is driven with the accumulated 
electric power of the electric condenser 102 having a low internal 
resistance. As a result, the load 104 can be driven in a state 
in which the electric power loss due to the internal resistance 
of the electric condenser 102 is small. Consequently, since the 
electric power of the first battery 101 having a high internal 
resistance can be efficiently utilized for driving of the load 104, 
it is possible to realize that the equipment driven with the electric 
power of the first battery 101 having a high internal resistance 
is operated for a long time. 

In addition , when a period of time when the load 1 04 is operated 
in the second operation mode exceeds the assumed period of time, 
and hence the accumulated electric power of the electric condenser 
102 becomes equal to or less than the desired electric power, the 
charge control circuit 103 charges the electric condenser 102 with 
the electric power of the first battery 101 in the second charge 
control mode. As a result, it is possible to prevent the accumulated 
electric power of the electric condenser 102 from becoming less 
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than the driving electric power for the load 104. Consequently , 
it becomes possible to stably operate the equipment driven with 
the electric power of the first battery 101 having a high internal 
resistance. 
[Embodiment 1] 

FIG. 2 is a schematic circuit diagram showing Embodiment 1 
of an internal configuration of a charge control circuit in equipment 
according to the embodiment mode of the present invention. In FIG. 
2, there is shown a case where a boosting type DC-DC converter is 
used since the accumulated voltage of the electric condenser 102 
shown in FIG. 1 is higher than the battery voltage of the battery 
101 shown in FIG. 1. 

The charge control circuit 103 is configured so that: a first 
terminal of a smoothing capacitor 204 and a first terminal of a 
boosting coil 203 are connected to an input terminal 201; a first 
terminal of a diode 211 and a drain terminal of an N-channel MOSFET 
205 are connected to a second terminal of the boosting coil 203; 
an input terminal of a bleeder resistor 208 and an output terminal 
202 are connected to a second terminal of the diode 211; an output 
terminal of the bleeder resistor 208 is connected to a plus side 
input terminal of an error amplifier 207 ; a reference voltage output 
terminal of a reference voltage generation circuit 209 is connected 
to a minus side input terminal of the error amplifier 207; a limit 
terminal of a voltage limit circuit 210 and a signal input terminal 
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of a PWM control circuit 2 06 are connected to an output terminal 
of the error amplifier 2 07 ; a gate electrode of the N-channel MOSFET 
205 is connected to a pulse output terminal of the PWM control circuit 
206; and a second terminal of the smoothing capacitor 204, a source 
terminal of the N-channel MOSFET 205 , a GND connection terminal 
of the voltage limit circuit 210, a GND connection terminal of the 
reference voltage generation circuit 209, and a GND connection 
terminal of the bleeder resistor 2 08 are connected to a GND terminal. 

The input terminal 2 01 is a terminal through which the electric 
power of the first battery 101 shown in FIG. 1 is inputted, and 
the output terminal 202 is a terminal through which the charge 
electric power is outputted to the electric condenser 102 shown 
in FIG. 1. In addition, when a voltage appearing at the first 
terminal of the diode 211 is higher than that appearing at the second 
terminal, a current is caused to flow through the diode 205 in a 
forward direction. 

Next, an operation will hereinafter be described. An 
electric power which is accumulated in the coil 2 03 while the 
N-channel MOSFET 2 05 is kept in a turn-ON state is supplied to the 
output terminal 2 02 through the diode 211 while the N-channel MOSFET 
is kept in a turn-OFF state. The error amplifier 207 outputs a 
voltage which is obtained by amplifying a voltage difference between 
a voltage appearing at the output terminal of the bleeder resistor 
208 and a voltage appearing at the reference voltage output terminal 
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of the reference voltage generation circuit 209 to the output 
terminal. Then, the PWM control circuit 206, when the voltage 
appearing at the output terminal of the error amplifier 207 increases , 
shortens a period of time when an output pulse to the output terminal 
is kept at a high level , and when the voltage appearing at the output 
terminal of the error amplifier 207 drops, lengthens the period 
of time when the output pulse to the output terminal is kept at 
a high level. That is to say, if when the voltage appearing at 
the output terminal 202 is set to a desired voltage, the setting 
is made so that the voltage at the output terminal of the bleeder 
resistor 20 8 becomes equal to that at the reference voltage output 
terminal of the reference voltage generation circuit, when the 
voltage at the output terminal 2 02 becomes lower than the desired 
voltage, a period of time when the N-channel MOSFET 205 is kept 
at a turn-ON state is lengthened to increase a quantity of electric 
power accumulated in the coil 2 03 . Hence, the charge control circuit 
carries out the control so as to increase the voltage at the output 
terminal 202. On the other hand, when the voltage at the output 
terminal 202 becomes higher than the desired voltage, a period of 
time when the N-channel MOSFET 205 is kept at a turn-ON state is 
shortened to decrease a quantity of electric power accumulated in 
the coil 203. Hence, the charge control circuit carries out the 
control so as to increase the voltage at the output terminal 202. 
As a result, it is possible to realize the voltage control function 
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of setting the voltage appearing at the output terminal 2 02 to the 
desired voltage. 

Furthermore, the charge control circuit 103 has a 
configuration in which a limit circuit 210 for limiting the voltage 
appearing at the output terminal of the error amplifier 207 is 
provided at the output terminal of the error amplifier 207 . A case 
where the voltage at the output terminal of the error amplifier 
207 is limited by the limit circuit 210 corresponds to the first 
charge control mode, while a case where the voltage at the output 
terminal of the error amplifier 207 is not limited by the limit 
circuit 210 corresponds to the second charge control mode of the 
voltage control function. 

That is to say, in the case where when the voltage at the 
output terminal of the error amplifier 207 is not limited by the 
limit circuit 210, the second charge control mode corresponds to 
an operation mode in which the charge control circuit 103 is operated 
so that the voltage at the output terminal 202 is controlled to 
be set to the desired voltage. In addition, in the case where the 
voltage at the output terminal of the error amplifier 2 07 is limited 
by the limit circuit 210, a period of time when the pulse outputted 
through the output terminal of the PWM control circuit 206 is kept 
at a high level does not become equal to or shorter than a certain 
period of time, and also a turn-ON period of time of the N-channel 
MOSFET 2 05 does not become shorter than this certain period of time. 
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In other words , even if the voltage at the output terminal 202 exceeds 
the desired voltage, the turn-ON period of time of the N-channel 
MOSFET 205 is not shortened any more, and hence the electric power 
accumulated in the coil 2 03 for this turn-ON period of time is usually 
supplied to the output terminal. For this reason, the voltage at 
the output terminal 202, when the consumed current of the load 104 
is not increased, increases fast to exceed the desired voltage. 
That is to say, the operation mode becomes the first charge control 
mode in which no voltage control function is operated. Of course, 
the limit voltage is set so that when the voltage at the output 
terminal of the error amplifier 207 becomes equal to the limit voltage, 
the voltage drop across the battery connected to the input terminal 
falls within a range of 5 to 20% of an open voltage of the battery 
or within a range of 10 to 40% of the open voltage. 

As has been described above, the mere addition of the limit 
circuit 210 to the output terminal of the error amplifier 207 makes 
it possible that the charge control circuit 103 shown in FIG. 2 
obtains the first and second charge control modes . In other words , 
the conventional boosting type DC-DC converter using the coil is 
improved to some extent, whereby the charge control circuit having 
the function as described above can be obtained readily without 
involving hardly any cost-up. 

Further , in the charge control circuit configured as described 
above according to the present invention , the output voltage control 
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of the PWM system in which the ON-duty of the N-channel MOSFET does 
not become equal to smaller than a certain value has been described 
as an example. However, there may be adopted the output voltage 
control of a PFM system in which a switching frequency of the 
N-channel MOSFET does not become equal to or, lower than a certain 
frequency. Or, even in case of the output voltage control of a 
type in which the PFM system and the ordinary PWM system are changed 
over to each other, an output electric power has only to be prevented 
from becoming equal to or lower than a certain value. 

In addition, in the charge control circuit configured as 
described above according to the present invention, the voltage 
at the output terminal is monitored to thereby monitor a quantity 
of electric power accumulated in the electric condenser. However, 
it is to be understood that when there is no correlation between 
the voltage and the accumulated electric power of the electric 
condenser, there is used a monitoring method including calculating 
a quantity of accumulated electric power of the electric condenser 
on the basis bf a quantity of electric power with which the electric 
condenser is charged and a quantity of consumed electric power of 
the load. 

Moreover, in the charge control circuit configured as 
described above according to the present invention, the boosting 
type DC-DC converter with which the output electric power does not 
become equal to or lower than a certain value has been described 
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as an example. However , in a case where the accumulated voltage 
of the electric condenser 102 shown in FIG. 1 is lower than the 
battery voltage of the first battery 101 shown in FIG. 1, there 
may be used a deboosting type DC-DC converter with which the output 
voltage does not become equal to or larger than a certain value. 

Furthermore, in the charge control circuit configured as 
described above according to the present invention, the DC-DC 
converter using the coil has been described as an example. However, 
a DC-DC converter using a capacitor may be used. In a case where 
the DC-DC converter using a capacitor is used, a frequency of a 
switch for switching the capacitor has only to be prevented from 
becoming equal to or lower than a certain frequency, or a 
magnification of boosting/deboosting has only to be prevented from 
becoming equal to or smaller than a certain magnification. 
[Embodiment 2] 

FIG. 3 is a schematic circuit diagram showing Embodiment 2 
of an internal configuration of the charge control circuit in the 
equipment according to the embodiment mode of the present invention. 
Since with respect to a relationship between the battery voltage 
of the battery 101 shown in FIG. 1 and the accumulated voltage of 
the electric condenser 102 shown in FIG. 1, similarly to the case 
of FIG. 2, the accumulated voltage of the electric condenser 102 
is higher than the battery voltage of the first battery 101 and 
thus, Embodiment 2 is shown as a case where a boosting type DC-DC 
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converter is used. 

A first boosting circuit 300 has a configuration in which 
the limit circuit 210 and the smoothing capacitor 204 are eliminated 
from the circuit shown in FIG . 2 . A point of difference in connection 
is as follows. An input terminal 301 is connected to an input 
terminal of a bleeder resistor 308 , an output terminal of a reference 
voltage generation circuit 309 is connected to a plus side input 
terminal of an error amplifier 307, and an output terminal of the 
bleeder resistor 308 is connected to a minus side input terminal 
of the error amplifier 307. 

A second boosting circuit 310 has a configuration in which 
the limit circuit 210 and the smoothing capacitor 2 04 are eliminated 
from the circuit shown in FIG. 2. 

In this configuration, the input terminal 301 of the first 
boosting circuit 3 00 and an input terminal 311 of the second boosting 
circuit 310 are connected to the input terminal 201, the output 
terminal 302 of the first boosting circuit 300 and an output terminal 
312 of the second boosting circuit 310 are connected to the output 
terminal 202, and the smoothing capacitor 204 for smoothing the 
voltage at the input terminal 201 is connected between the input 
terminal 201 and GND. 

The electric power of the first battery 101 shown in FIG. 
1 is inputted to the input terminal 201, and the charge electric 
power for the electric condenser 102 shown in FIG. 1 is outputted 
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through the output terminal 202. 

Next, an operation will hereinafter be described. Since an 
operation of the second boosting circuit 310 is the same as that 
when the output signal of the error amplifier having a configuration 
shown in FIG. 2 is not limited, its description is omitted here 
for the sake of simplicity. 

The input terminal 301 of the first boosting circuit 300 is 
controlled so that a drop voltage from the battery voltage falls 
within a range of 5 to 20% of the open voltage of the first battery 
101 shown in FIG. 1, or falls within a range of 10 to 40% of that 
open voltage . The output terminal 3 1 2 of the second boosting circuit 
3 1 0 is controlled so that the voltage appearing at the output terminal 
202 becomes equal to the desired voltage. 

Consequently, when the voltage at the output terminal 202 
is equal to or lower than the desired voltage, the second boosting 
circuit 310 is operated to control the output terminal 312 so that 
the voltage at the output terminal 202 becomes equal to the desired 
voltage. At this time, since the voltage at the input terminal 
201 becomes lower than the control voltage of the first boosting 
circuit 300, the operation of the first boosting circuit 300 is 
stopped. 

Moreover, since the voltage at the output terminal exceeds 
the desired voltage, the operation of the second boosting circuit 
310 is stopped, the voltage at the input terminal 201 becomes equal 



to or higher than the control voltage of the first boosting circuit 
300 , and the first boosting circuit 300 is operated to supply the 
output terminal 2 02 with the electric power. That is to say, while 
the first boosting circuit 300 is in operation, the operation of 
the second boosting circuit 310 is automatically stopped, and while 
the second boosting circuit 310 is in operation, the operation of 
the first boosting circuit 300 is automatically stopped. 
Consequently, there is not required a mechanism for stopping the 
first boosting circuit 300 or the second boosting circuit 310 using 
an external signal or the like. 

Note that a state in which the first boosting circuit 300 
is in operation corresponds to the first charge control mode, while 
a state in which the second boosting circuit 310 is in operation 
corresponds to the second charge control mode. 

As has been described above, the charge control circuit of 
the present invention shown in FIG. 3 separately includes the first 
boosting circuit for charging the electric condenser with the 
electric power of the first battery while controlling the input 
terminal of the first boosting circuit so that the drop voltage 
from the open battery voltage of the first battery falls within 
the range of 5 to 20% for the first charge control mode, and the 
second boosting circuit for controlling the output terminal of the 
second boosting circuit so that the voltage at the output terminal 
of the charge control circuit becomes equal to the desired voltage 
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to allow the accumulated electric power of the electric condenser 
to be kept at the desired electric power for the second charge control 
mode. As a result, since the first boosting circuit can be designed 
so as to be dedicated to the first charge control mode, and the 
second boosting circuit can be designed so as to be dedicated to 
the second charge control mode, the charge losses in the first and 
second charge control modes can be kept to a minimum. Consequently, 
since the electric power of the first battery 101 having a high 
internal resistance can be more efficiently utilized for the driving 
of the load 104 as compared with the case of the charge control 
circuit of the present invention shown in FIG. 2, it is possible 
to realize that the equipment driven with the electric power of 
the first battery 101 having a high internal resistance is operated 
for a longer time. 

Further, in the charge control circuit of the present 
invention configured as described above, the first and second 
boosting circuits have been described by giving the voltage control 
of the PWM system as an example. However, the voltage control of 
the PFM system may be adopted, or the voltage control of a type 
in which the PWM system and the PFM system are switched over to 
each other may also be adopted. Or, the PWM system may be adopted 
for the first boosting circuit and the PFM system may be adopted 
for the second boosting circuit, or the PFM system may be adopted 
for the first boosting circuit and the PWM system may be adopted 
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for the second boosting circuit. 

In addition/ in the charge control circuit of the present 
invention configured as described above, the voltage appearing at 
the output terminal is monitored to thereby monitor a quantity of 
accumulated electric power of the electric condenser. However, 
in a case where there is no correlation between the voltage and 
the accumulated electric power of the electric condenser, there 
may also be adopted a monitoring method including calculating a 
quantity of accumulated electric power of the electric condenser 
on the basis of a quantity of electric power with which the electric 
condenser is charged and a quantity of consumed electric power of 
the load. 

Moreover, in the charge control circuit of the present 
invention configured as described above, the boosting type DC-DC 
converter has been described as an example. However, in a case 
where the accumulated voltage of the electric condenser is lower 
than the battery voltage of the first battery, a deboosting type 
DC-DC converter may be used. 

Furthermore, in the charge control circuit of the present 
invention configured as described above, the DC-DC converter using 
the coil has been described as an example. However, a DC-DC 
converter using a capacitor may be used. 
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